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(57) A method of fabricating an optical fiber preform
that comprises, from the center towards the periphery, a
central core, intermediate cladding, a buried trench, and
outer cladding, the method comprising the steps of:

- prepaying afirst rod constituting at least the central core,
the first rod being prepared by chemical vapor deposition
(CVD) in a first tube;

A method of fabricating an optical fiber preform

- prepaying a hollow second rod constituting at least the
buried trench, the second rod being prepared by chem-
ical vapor deposition (CVD) in a second tube; and
- fitting the second rod as a sleeve on the first rod.

Such a method serves to fabricate large-capacity fiber
preforms while using deposition benches of small and/or
medium deposition capacity.
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Description

[0001] The present invention relates to the field of optical fibers, and more specifically to a method of fabricating a
preform for use in drawing an optical fiber that presents greatly reduced bending losses.

[0002] Inknown manner, an optical fiber is made by being drawn from a preform in a fiber-drawing tower. The operation
of drawing down an optical fiber to scale consists in placing the preform vertically in a tower and in drawing a strand of
optical fiber from one end of the preform. For this purpose, a high temperature is applied locally to one end of the preform
until the silica is softened, and the speed of fiber-drawing and the temperature are then controlled continuously during
fiber-drawing since they determine the diameter of the optical fiber.

[0003] An optical fiber conventionally comprises an optical core having the function of transmitting and possibly also
amplifying an optical signal, and optical cladding having the function of confining the optical signal in the core. For this
purpose, the refractive indices of the core n; and of the cladding ng are such that ne>ng. As is well known, the propagation
of an optical signal in a monomode optical fiber comprises a fundamental mode guided in the core and secondary modes
guided over a certain distance in the core-cladding assembly, referred to as cladding mode.

[0004] For line optical fibers in optical fiber transmission systems, it is conventional to use step index optical fibers,
also known as single mode fibers (SMF). For reasons of compatibility between optical systems from different manufac-
turers, the International Telecommunication Union (ITU) has defined a standard with a recommendation having the
reference ITU-T G.652, that needs to be complied with by a standard single mode fiber (SSMF).

[0005] Furthermore, the continuing development of optical fiber systems to reach the subscriber, known as fiber to
the home (FTTH) orfiber to the curb (FTTC) causes other constraints to arise that optical fibers need to satisfy. Specifically,
a major challenge for such FTTC or FTTH applications lies in reducing bending losses while conserving certain optical
transmission parameters.

[0006] The ITU has thus defined a standard with recommendations having the references ITU-T G.657A and ITU-T
G.657B that need to be satisfied by optical fibers for FTTH applications, and in particular, these standards impose
maximum bending losses. Recommendation G.657A imposes limit values for bending losses, but seeks above all to
conserve compatibility with Recommendation G.652, in particular in terms of mode field diameter (MFD) and chromatic
dispersion. In contrast, Recommendation G.657.B does not impose compatibility with Recommendation G.652, but does
impose stricter limits on bending losses than Recommendation G.657.A1. Tables | and |l below reproduce some of the
constraints imposed by Recommendations G.652 and G.657 concerning bending losses (Table ) and optical transmission
parameters (Table ).
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Table |
Numhen
Radius Wavelength Maximum macrobending losses
of turns
{mm) {hm) {db) {db) {db) {db) {db)
5.652 D|G.BST7 Al|G.BET AYG.BST B2|G 65T BA
1540
30 100
1625
1540
15 10
1625
1540
10 1
1625
15480
7.5 1
1625
1540
5 1
1625
Table Il
Parameter Detail Unit 56520 | GBOT.A | GB5ST.B
Range of
nominal g36-95 3695 6.3-95
MFD @1310nm values {pm)
Tolerance t0h8 + 04 +04
Cut-off wavelength Maxzimum {nm) 1260 1260 1260
Airnin (nm) 1300 1300
Chromatic
dispersion Arra {nm) 1324 1324
coefficient
Simax {psinmZxkm)| 0092 0.092

Fabricating optical fibers that comply with the constraints of Recommendations G.652 and G.657 has become a major

economic challenge.
[0007]

The technology of making optical fibers with holes enables excellent performance to be achieved in terms of
bending losses, but that technology is complex and expensive to implement, and at present it is not suitable for use in
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making optical fibers for FTTH systems since they are low-cost systems.

[0008] Documents EP-A-1845 399 and EP-A-1 785 754 propose optical fiber profiles with a buried trench that enables
bending losses to be limited, while conserving the optical transmission parameters of an SSMF.

[0009] WO02007/009450 relates to a technique wherein: a first rod is prepared by depositing into a first tube layers
constituting a first part of the core and internal cladding; subsequently the first rod is etched to remove the tube and the
cladding; a second rod is prepared by depositing into a second tube layers constituting a second part of the core and
internal cladding; and the second rod is collapsed over the first core rod.

[0010] A buried trench can be made during fabrication of the preform by incorporating dopants that lower the refractive
index of the transmission material, typically silica. The most commonly used dopant is fluorine. For example, the buried
trench may be constituted by the tube of the primary preform that may be made of fluorine-doped silica, as described
for example in document FR-A-2 896 795 (also published under the number US-A-2008/031582). Nevertheless, that
solution does not enable profiles to be obtained with a trench that is deep nor does it enable the uniformity of the refractive
index of the trench to be thoroughly controlled. In order to guarantee minimum bending losses, without harming the
optical transmission parameters imposed by Recommendation G.652, it is necessary for the uniformity of the buried
trench to be well controlled.

[0011] An optical fiber may be fabricated from a preform comprising a primary preform constituted by a tube of pure
or doped silica in which layers of doped and/or pure silica are deposited in succession in order to form inner cladding
and a central core. Such a primary preform is fabricated on a deposition bench. The primary preform is then overcladded
or fitted with a sleeve in order to increase its diameter and form a preform that is suitable for use in a fiber-drawing tower.
In this context, the term "inner" cladding designates the cladding formed inside the tube and the term "outer" cladding
designates the cladding formed outside the tube. Deposition operations inside the tube are of the chemical vapor dep-
osition (CVD) type. This type of deposition is performed by injecting mixtures of gas into the tube and ionizing said
mixtures. CVD type deposition covers modified chemical vapor deposition (MCVD), furnace chemical vapor deposition
(FCVD), and plasma-enhanced chemical vapor deposition (PCVD).

[0012] After layers corresponding to the core and the inner cladding have been deposited, the tube is converted into
a solid rod by an operation referred to as "collapsing”. This produces the primary preform that is constituted by a silica
rod. The primary preform is then overcladded, generally with grains of natural silica for reasons of cost. Overcladding
may be performed by plasma deposition in which grains of doped or pure natural silica are deposited by gravity and
melted by a plasma torch so as to be vitrified on the periphery of the primary preform.

[0013] The fluorine doping of an inner sheath of the primary preform may be achieved effectively by PCVD type
deposition, as described in above-mentioned documents EP-A-1 845 399 or EP-A-1 785 754. That technique allows a
large quantity of the fluorine dopants to be incorporated so as to make a buried trench that is deep and uniform.
[0014] Other techniques also exist for fabricating an optical fiber preform.

[0015] For example, document EP-A-1 000 909 describes a method of fabricating a preform in which a core-forming
rod is inserted in a substrate tube that is subsequently overcladded. The substrate tube presents different doping zones
obtained by outside vapor deposition (OVD), i.e. by vitrifying grains of silica mixed with a dopant gas. The substrate tube
may in particular include a fluorine-doped zone. Nevertheless, such a method does not enable a deep trench to be
made, nor does it enable the uniformity of the buried trench to be well controlled.

[0016] Documents WO-A-2008/087132 and WO-A-2010/003856 describe methods of fabricating fluorine-doped tubes
for fitting as sleeves on primary preforms in order to constitute optical fiber preforms. Those documents propose making
the tube from a first substrate tube of fluorine-doped silica obtained by plasma outside deposition (POD) or OVD. A
second tube of fluorine-doped silica is formed on the first by POD, the second tube having a dopant concentration that
is different from that of the first tube; thereafter silica overcladding is applied to the assembly. That produces a fluorine-
doped tube with two zones of different doping. Nevertheless, such methods do not enable the uniformity of the doped
zones to be well controlled, nor does it enable deeply buried trenches to be achieved.

[0017] Document US-A-2007/0003198 describes a method of fabricating an optical fiber preform. That method pro-
poses fabricating firstly a rod forming the core by external vapor axial deposition (VAD) or OVD, and secondly forming
buried cladding from a tube in which a fluorine-doped zone is deposited by MCVD. The core rod is subsequently inserted
inside the tube having the buried trench, and the assembly is overcladded. That document identifies an increase in OH
bonds when the core is formed by MCVD from an inexpensive tube that does not present a high level of purity. The
method described in that document thus seeks to limit optical losses in the core, in particular when an optical fiber having
a profile with a buried trench is to be fabricated.

[0018] It is also desirable to fabricate preforms having large capacity. The capacity of a preform is defined as the
length of optical fiber that can be drawn from that preform. The greater the diameter of the preform, the greater it capacity.
In order to reduce fabrication costs, it is desirable to provide optical fibers of great linear length from a given preform. It
is therefore desirable to fabricate preforms of large diameter while complying with dimensional constraints relating to
the diameter of the central core and the diameter of the optical cladding. After overcladding, the final preform must
present the same ratio of core diameter divided by cladding diameter as is to be presented by the optical fiber drawn
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therefrom.

[0019] During fabrication of the preform, itis also desirable to limit as much as possible the amount of glass that needs
to be deposited before overcladding. This advantageously reduces the cost of fabricating the optical fiber because glass
doped by a CVD method (MCVD, FCVD, PCVD), or a VAD or an OVD method is more expensive than the glass of the
tube or than the grains of natural silica used for plasma deposition while overcladding. It should also be observed that
that advantageously enables a greater length of optical fiber to be fabricated without increasing the capacity of the
deposition bench. Fabricating preforms of large capacity and/or preforms with a smaller fraction of deposited glass thus
enables productivity to be improved.

[0020] Furthermore, it is advantageous for this improvement in productivity to be obtained without substantial modi-
fication to the deposition benches currently available. Typically a deposition bench presents limitations in terms of the
maximum capacity of glass it is capable of depositing; this limitation is generally expressed in terms of cross-section
area (CSA). In known manner, the CSA of a deposited layer having circular symmetry is equal to IT(Rg2-Ri2), Where
Rext and Ry are the outside and inside radii of the layer. The maximum CSA that can be deposited while fabricating a
preform depends on the type of bench used. An optical fiber manufacturer may thus have deposition benches available
that present different capacities, i.e. different depositable CSAs.

[0021] The fabrication of a large-diameter preform for drawing into an optical fiber that is insensitive to bending, i.e.
that satisfies the G.657 recommendations, implies forming a buried trench of great width in the primary preform, in order
to comply with ratios scaling from the preform to the drawn optical fiber.

[0022] The methods described with reference to the above-mentioned documents do not enable a trench to be made
that is both deeply buried and thoroughly uniform so as to satisfy constraints concerning limited bending losses, and
sufficiently wide so as to enable a large capacity preform to be made at a cost that is competitive for FTTH or FTTC
type applications.

[0023] In particular, the techniques that consist in using a fluorine-doped tube do not enable sufficient control to be
obtained over the buried trench to guarantee compliance with the constraints of Recommendation G.657.

[0024] Similarly, depositing a buried trench by MCVD does not make it possible to make a trench that is deep, uniform,
and of great width in order to constitute a preform of large capacity.

[0025] Furthermore, fabricating a preform of large capacity requires the use of a deposition bench having a large
depositable CSA. Such deposition benches are uncommon.

[0026] There therefore exists a need for a method of fabricating an optical fiber preform that enables a large capacity
preform to be made at a competitive price and without substantial modification to available deposition benches, for
making optical fibers that comply with the constraints of Recommendations G.652 and G.657.

[0027] Tothis end, the invention proposes separating the fabrication of the core and the fabrication of the buried trench
in order to increase productivity.

[0028] More particularly, the invention provides a method of fabricating an optical fiber preform that comprises, from
the center towards the periphery, a central core, intermediate cladding, a buried trench, and outer cladding, the method
comprising the steps of:

- prepaying a first rod constituting at least the central core, the first rod being prepared by chemical vapor deposition
in a first tube;

- prepaying a hollow second rod constituting at least the buried trench, the second rod being prepared by chemical
vapor deposition in a second tube; and

. fitting the second rod as a sleeve on the first rod.

[0029] In an implementation, the second rod is prepared by plasma-assisted chemical vapor deposition.

[0030] In an implementation, the first rod is prepared by any technique selected from modified chemical vapor depo-
sition, furnace-assisted CVD, or plasma-assisted CVD.

[0031] In an implementation, the method further comprises a step consisting in stretching the first rod before fitting
the second rod as a sleeve.

[0032] In an implementation, the method further comprises a step consisting in chemically etching at least a portion
of the first tube before fitting the second rod as a sleeve.

[0033] In an implementation, the method further comprises a step of overcladding the outside of the second rod or
fitting a sleeve thereto in order to reach a final preform diameter greater than or equal to 140 millimeters (mm). The
cross-section area of the zones deposited in each of the rods remains less than 700 square millimeters (mm2).

[0034] In an implementation, the buried trench is deposited with dopants at a concentration controlled so that the
buried trench presents a refractive index difference relative to the outer cladding lying in the range -4x10-3 to -10x10-3.
The concentration of dopants is controlled in such a manner that the buried trench presents longitudinal variation of
index of less than 10% over the entire length of the second rod.

[0035] In animplementation, the buried trench is deposited until the buried trench presents a cross-section area lying
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in the range 300 mm?2 to 700 mm2. The cross-section area of the buried trench presents longitudinal variation of less
than 10% over the entire length of the second rod.

[0036] In an implementation, the buried trench is deposited with dopant concentration control until the buried trench
presents a volume lying in the range -2550x10-3 mm?2 to -760x10-3 mmZ2. The volume of the buried trench presents
longitudinal variation of less than 15% over the entire length of the second rod.

[0037] The invention also provides an optical fiber preform that comprises, from the center towards the periphery, a
central core, intermediate cladding, a buried trench, and outer cladding, wherein the buried trench presents:

- a refractive index difference relative to the outer cladding lying in the range -4x10-3 to -10x10-3 with longitudinal
variation of less than 10% over the entire length of the preform; and

- a volume lying in the range -2550x10-3 mm?2 to -760x10-3 mm2 with longitudinal variation of less than 15% over
the entire length of the preform.

[0038] In an embodiment, the buried trench presents a cross-section area lying in the range 300 mm?2 to 700 mm?2.
The cross-section area of the buried trench presents longitudinal variation, over the entire length of the preform, of less
than 10%.

[0039] In an embodiment, the preform presents a diameter greater than or equal to 140 mm.

[0040] In an embodiment, the core presents a refractive index difference relative to the outer cladding lying in the
range 4x10-3 to 6x10-3.

[0041] In an embodiment, the core presents a refractive index difference relative to the intermediate cladding lying in
the range 4x10-3 to 6x10-3.

[0042] The invention also provides a glassmaker’s tube that comprises, from the periphery towards the center, an
outer cladding and a buried trench, wherein the buried trench presents:

- a refractive index difference relative to the outer cladding lying in the range -4x10-3 to -10x10-3 with longitudinal
variation of less than 10% over the entire length of the preform;

- a volume lying in the range -2550x10-3 mm?2 to -760x10-3 mm?2 with longitudinal variation of less than 15% over
the entire length of the preform; and

wherein the tube presents an inside diameter lying in the range 16 mm to 35 mm.

[0043] In an embodiment, the buried trench presents a cross-section area lying in the range 300 mm2 to 700 mm2,
[0044] In an embodiment, the cross-section area of the buried trench presents longitudinal variation of less than 10%
over the entire length of the tube.

[0045] The invention also provides a method of fabricating an optical fiber, comprising the steps of:

- fabricating a preform by the method of the invention; and
- drawling an optical fiber from said preform in a fiber-drawing tower.

[0046] The invention also provides a method of fabricating an optical fiber comprising the steps of:

- fabricating a primary preform by chemical vapor deposition in a tube of the invention;
- overcladding or putting a sleeve on said primary preform in order to reach a final preform; and
- drawling an optical fiber from said optical fiber preform in a fiber-drawing tower.

[0047] Theinvention also provides an optical fiber drawn from the preform of the invention; and an optical unit receiving
at least a portion of fiber of the invention or at least a portion of fiber fabricated by the method of the invention. The
invention finds a particular application in an optical fiber system to the customer, including at least a portion of fiber of
the invention or at least a portion of fiber fabricated by the method of the invention.

[0048] Other characteristics and advantages of the invention appear on reading the following description of embodi-
ments of the invention given by way of example and with reference to the accompanying figures, in which:

- figure 1 shows an example of a setpoint profile for an optical fiber preform fabricated using the method of the
invention;

- figure 2 is a diagram of rods fabricated for constituting the optical fiber preform in the method of the invention; and
- figure 3 is a diagrammatic cross-section of an optical fiber preform fabricated by the method of the invention.

[0049] The optical fiber preform of the invention comprises a central core, an intermediate cladding, a buried trench,
and outer cladding. The term "buried trench" is used to mean a radial portion of the optical fiber presenting a refractive
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index that is substantially less than the refractive index of the outer cladding. Figure 1 shows an example of a refractive
index profile for an optical fiber preform of the invention. The profile shown is a setpoint profile, i.e. representative of the
theoretical profile of the optical fiber, with the optical fiber that is actually obtained after drawing an optical fiber from a
preform possibly presenting a profile that is slightly different.

[0050] The optical fiber preform of the invention comprises a central core presenting a refractive index difference An,
relative to the outer cladding that acts as optical cladding, intermediate cladding presenting a refractive index difference
An, relative to the outer cladding, and a buried trench presenting a refractive index difference Anj relative to the outer
cladding. The refractive indices in the central core, in the intermediate cladding, and in the buried trench are substantially
constant across their respective entire widths; however other profiles could be envisaged. The width of the core is defined
by its radius ry, the widths of the cladding and of the trench are defined by their respective outer radii r, and r5.

[0051] In order to define a setpoint refractive index profile for an optical fiber, it is the general practice to take the
refractive index value of the outer cladding as the reference. The refractive index values of the central core, and of the
intermediate and buried cladding are then presented as refractive index differences An, ,, 5. In general, the outer cladding
is made of silica, however said cladding may be doped in order to increase or decrease its refractive index, e.g. in order
to modify the propagation characteristics of the signal.

[0052] Itis desired to fabricate a preform for an optical fiber that satisfies the criteria of Recommendations G.652 and
G.657. The preform thus presents a central core having a refractive index difference An, relative to the outer cladding
that lies in the range 4x10-3 to 6x10-3, and is typically about 5x10-3; an intermediate cladding having a refractive index
difference An, relative to the outer cladding lying in the range -1x10-3 to 1x10-3; and a buried trench having a refractive
index difference Ans relative to the outer cladding lying in the range -4x10-3 to -10x10-3. It is also preferable for the
difference between the central core and the intermediate cladding (An;-An,) to lie in the range 4x10-3 to 6x10-3. Once
the preform has been drawn, the optical fiber may present a central core having a radius ry lying in the range 3.5
micrometers (m) to 4.5 um, intermediate cladding having a radius r, lying in the range 7.5 pmto 14.5 um, and a buried
trench having a radius r3 lying in the range 13 um to 18 um.

[0053] The optical fiber obtained from a preform of the invention may also present one or more of the following
characteristics:

- then surface integral of the central core, V¢, defined as:

Vo = [ An(r)dr = 1, x An,
0

lies in the range 17x10-3 um to 24x103 um;
- the surface integral of the buried trench core, V3, defined as:

Vi = | n(r) dr = (r, = 1,) x A,

lies in the range -55x10-3 um to -25x10-3 um; and
- then volume integral of the buried trench, V5, defined as:

Vis =2 [ An(r)rdr = (1, =17 ) An,

b

lies in the range -1200x10-3 square micrometers (um?2) to -600x10-3 um2.
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[0054] Such an optical fiber presents a mode field diameter lying in the range 8.6 pum to 9.5 um at a wavelength of
1310 nanometers (nm), a zero chromatic dispersion wavelength lying in the range 1300 nm to 1324 nm, an in-cable cut-
off wavelength of less than 1260 nm, and bending losses satisfying the criteria of the G.657 recommendations as set
out in Table | above.

[0055] It is therefore desired to fabricate a large- capacity preform for an optical fiber satisfying the above criteria.
[0056] The fabrication method of the invention proposes separately preparing firstly the central core together with at
least a portion of the intermediate cladding, and secondly the buried trench together with at least a portion of the outer
cladding.

[0057] With reference to Figure 2, a first rod 10 is prepared. The first rod 10 constitutes at least the central core (Any,
ry) and optionally at least a portion of the intermediate cladding (An,, r,). The intermediate cladding (An,, ry) may also
be contained completely within the first rod 10.

[0058] The first rod 10 is prepared by chemical vapor deposition (CVD) in a first tube of pure or doped silica; for
example, the first rod 10 may be prepared using any of the techniques selected from modified chemical vapor deposition
(MCVD), furnace-assisted CVD (FCVD), or plasma-assisted CVD (PCVD).

[0059] Still with reference to Figure 2, a second rod 20 is also prepared likewise by chemical vapor deposition (CVD),
preferably by using PCVD type deposits. The second rod 20 is made from a second tube, of pure or doped silica, in
which CVD deposits are made to constitute at least the buried trench (Ang, r3) and optionally at least a portion of the
intermediate cladding (An,, r,). The starting tube for the second rod 20 may constitute a portion of the outer cladding or
a portion of second intermediate cladding.

[0060] PCVD makes it possible to form a buried trench in the second rod 20 that is very deep and of great width while
ensuring good control over the uniformity of doping within the trench. The buried trench deposited in the second rod 20
presents a refractive index difference Ang relative to the outer cladding lying in the range -4x10-3 to -10x10-3 with the
refractive index being controlled longitudinally to within =10%. The buried trench deposited in the second rod 20 presents
a CSA lying in the range 300 mm?2 to 700 mm2 with area being controlled longitudinally to within +10%. In particular, it
is desirable for the volume of the buried trench, defined as the product of the CSA of the buried trench multiplied by the
refractive index difference An; of the buried trench and divided by the number Pi (TT) to lie in the range -2550x10-3 mm?2
to -760x10-3 mm2 and for it to be controlled longitudinally to within =15%. The refractive index and the CSA are controlled
longitudinally over the entire length of the preform. A preform typically presents a length lying in the range 700 mm to
1500 mm, and is generally about 1 meter (m). Deposition in the second tube is interrupted after the buried trench has
been formed, optionally after a portion of intermediate cladding has been deposited.

[0061] As shown in Figure 2, the second rod 20 is hollow; it can therefore be fitted on the first rod 10 as a sleeve.
Where necessary, the first rod 10 may be stretched a little before the second rod is fitted thereon as a sleeve in order
to reduce its CSA and comply with scaling constraints for the desired fiber profile. In another embodiment, the size of
the first rod 10 may be reduced prior to the second rod 20 being fitted as a sleeve thereon by using a chemical etching
method. Such a chemical etching method serves not only to reduce the CSA of the first rod 10 but may also limit the
contribution of the first deposition tube to optical losses. The purity of a deposition tube is generally not as good as that
of the glass that is deposited by the CVD method. The first tube, constituting all or part of the intermediate cladding, is
thus a possible source of degraded optical losses if it is not far enough away from the core of the optical fiber and/or if
it is not sufficiently pure.

[0062] The second rod 20 fitted as a sleeve on the first rod 10, where appropriate after stretching and/or chemically
etching the first rod as described above, constitutes a primary preform that can be overcladded to reach the total diameter
needed to conserve the scaling ratios with the intended fiber profile. Depending on the implementation, overcladding
may be performed on the second rod 20 before or after it is fitted as a sleeve on the first rod 10. In known manner,
overcladding may be performed by depositing pure or doped silica grains on the outside or by fitting a tube as a sleeve
on the primary preform. With a preform of large size, building out is preferably performed with grains of silica.

[0063] Figure 3 is a diagram of an example of a final preform obtained using the fabrication method of the invention.
The central core of the preform presents a radius R,. The intermediate cladding comprises a deposited portion of radius
R, and the first tube of the first rod having an outside diameter D1; the diameter D10 of the tube may have been reduced
by chemical etching before it is inserted in the second rod; the tube of the first rod 10 may even be removed completely
by chemical etching, as described below with reference to certain examples. The buried trench presents a radius Rg; it
is deposited in a second tube of outside diameter D20. The assembly comprising the second rod fitted as a sleeve on
the first rod is overcladding to reach a total diameter D.Total.

[0064] The method of the invention makes it possible to fabricate fat preforms without it being necessary to modify
the performance of deposition benches. The numbers of the layers deposited by CVD in each of the rods 10 and 20
remains limited so costs is under control. Only the layers corresponding to the central core and possibly to a portion of
the intermediate cladding are deposited in the first rod 10; and only the layers corresponding to the buried trench and
possibly to a portion of the intermediate cladding are deposited in the second rod. In an embodiment almost all or all of
the intermediate cladding is present in first rod 10. Deposition benches of medium size can therefore be used to form
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each of the rods 10 and 20. In particular, the CSAs of the zones deposited in each of the rods 10, 20 are less than 700
mm?2 for a final preform having a diameter greater than or equal to 140 mm.

[0065] The method of the invention also makes it possible to limit the CSA proportions of the zones obtained by
deposition, in the first rod 10 and in the second rod 20, relative to the size of the preform: the presence of the deposition
tube of the first rod 10 replaces a portion of the deposited glass. Specifically, for a given profile, it has been found that
it is possible to obtain a reduction in the ratio of the CSA of all of the deposited zones, ignoring the overcladding, divided
by the total CSA of the preform that amounts to 5% or more. The cost of fabricating a preform of large size is thus limited
and investment in deposition bench equipment is not essential.

[0066] The preform fabricated by the method of the invention is designed to be drawn to produce an optical fiber that
satisfies the criteria of Recommendations G.652, G.657.A2, and G.657.B2, and even the criteria of Recommendation
G.657.B3 in addition to the three preceding recommendations. To this end, the scaling ratios between the preform and
the drawn fiber require preform dimensions such that the buried trench presents a radius r5 lying in the range 13 pm to
18 wm for an optical fiber having a diameter of 125 um. Specifically, the ratio between the outside radius of the buried
trench and the radius of the overcladded preform must lie in the range 0.208 to 0.288.

[0067] CVD, and in particular PCVD of the buried trench makes it possible to provide a trench that is buried deeply,
with a refractive index difference relative to the outer cladding lying in the range -4x10-3 to -10x10-3, and that is of very
large size, with a CSA lying in the range 300 mm?2 to 700 mm2, while ensuring good scaling of the buried trench so as
to avoid degrading the performance of the optical fiber. Specifically, the buried trench presents longitudinal variation of
index along the preform of less than 10% and longitudinal variation of CSA of less than 10%. Advantageously, the volume
of the trench lies in the range -2550x10-3 mm2 to -760x10-3 mm2 and presents longitudinal variation of less than 15%.
[0068] Tables Ill to V below give examples of preforms made by the method of the invention in comparison with fiber
preforms of the prior art.

[0069] The preforms of examples 1-1, 1-2, and 2, of the invention, are for drawing into fibers that satisfy the criteria
of Recommendations G.652, G.657.A2, and G.675.B2 when the trench presents a refractive index difference An, relative
to the outer cladding equal to about -7x10-3. These fibers also satisfy Recommendation G.657.B3 for a deeper trench,
presenting a refractive index difference Ang relative to the outer cladding equal to about -10x10-3.

[0070] The preforms of examples 3-1, 3-2, and 3-3, of the invention, are for drawing into fibers satisfying the criteria
of Recommendations G.652, G.657.A2, and G.657.B2 when the trench presents a refractive index difference Ans with
the outer cladding equal to about -5x10-3. These fibers also satisfy Recommendation G.657.B3 for a deeper trench,
presenting a refractive index difference An, relative to the outer cladding equal to about -7x10-3.

[0071] The comparative examples 1A and 3A correspond to prior art preforms fabricated on a bench having relatively
small capacity with a deposited CSA equal to about 340 mm2. Comparative example 2A corresponds to a prior art
preform fabricated on a bench having relatively large capacity with a deposited CSA equal to about 550 mm?2. Comparative
examples 1B, 2B, and 3B correspond to extrapolations of prior art preforms fabricated on benches having very large
capacities with deposited CSAs equal to about 800 mm2, 1300 mm2, and 1100 mm2, respectively. Examples 1B, 2B,
and 3B are fictitious and represent what it ought to be possible to achieve on benches having very large capacities;
these fictitious examples were devised by scaling-up extrapolation from examples 1A, 2A, and 3A.

[0072] Examples 1-1and 1-2 of the invention show that it is possible to achieve the same capacity as fictitious example
1B while using deposition benches of smaller capacity. The same applies for example 2 of the invention compared with
fictitious example 2B and examples 3-1, 3-2, and 3-3 of the invention relative to fictitious example 3B.

[0073] The intended profiles for examples 1-1 and 1-2 are identical. The difference between these two examples lies
in the composition of the intermediate cladding of the primary preform. In example 1-1 the intermediate cladding is
constituted by a deposited portion having a CSA equal to 145.9 mm?2 (and in example 1-2 equal to 281.7 mm?2), and a
portion constituted by the first deposition tube of the first rod having a CSA equal to 180.6 mm?2 (44.8 mm?2 for example
1-2). The smaller proportion of the deposition tube of example 1-2 compared with example 1-1 serves to guarantee
better attenuation performance in the optical fiber drawn from the corresponding preform. In practice, the same deposition
tube may be used for the first rod, of CSA equal to 180.6 mm2, in each of the examples 1-1 and 1-2. Chemical etching
is applied to the first rod in example 1-2 in order to reduce the CSA of the first deposition tube.

[0074] Similarly, the intended profiles in examples 3-1, 3-2, and 3-3 are identical. In example 3-1, the first deposition
tube of the first rod is removed completely by a chemical etching method whereas in example 3-3, the intermediate
cladding is constituted exclusively by the first deposition tube of the first rod, with example 3-2 constituting an intermediate
configuration between examples 3-1 and 3-3. In example 3-3, the purity of the tube of the first rod must be close to that
of glass deposited by CVD if it is desired to conserve attenuation that is compatible with Recommendation G.652.
[0075] InTablelll, the values 2R, designate respectively the diameters of the central core 2R, of the deposited portion
of the intermediate cladding 2R, and of the buried trench 2R5; the value D10 designates the diameter of the first rod of
the preform, and the value D20 designates the diameter of the second rod of the preform; the value D.Total designates
the total diameter of the overcladded preform.
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Table IlI

First rod 10 Second rod 20 | Over-cladding

2R, 2R, 2R, D10 2R, D20 D Total
Unit mm mm mm mm mm mm mm
Comp ex 1A | 607 1463 | 2081 | 2597 | - - 985
Compex 1B | 93 2241 | 3188 | 3979 | - - 1509
Ex 1-1 93 165 - 2241 | 3188 | 372 1509
Ex 1-2 93 211 - 2241 | 3188 | 372 1509
Comp ex 2A | 763 1839 | 265 | 3264 | - - 1238
Compex2B | 1169 | 2818 | 4061 | 5001 | - - 1897
Ex 2 1169 | 2074 | -- 2817 | 4061 | 4675 | 1897
Comp ex 3A | 55 1298 | 2083 | 2597 | - - 879
Comp ex 3B | 989 2333 | 3744 | 4668 | - - 158
Ex 3-1 989 | 2333 | - 2333 | 3744 | 4205 | 158
Ex 3-2 989 1751 | - 2333 | 3744 | 4205 | 158
Ex 3-3 989 - - 2333 | 3744 | 4205 | 158

[0076] In Table lll, it can clearly be seen that the buried trench of the comparative examples is deposited in the first
rod whereas it is deposited in the second rod for the examples of the invention. It can also be seen from Table Il that
the outside diameter of the intermediate trench is equal to 2R, in the comparative examples; whereas the outside
diameter of the intermediate trench is equal to D10 in the examples of the invention. This is represented by the dashed-
line circle in Figure 3; the intermediate cladding is made up of a deposited portion having an outside radius R, plus a
portion of tube having a diameter D10.

[0077] In Table IV, the values CSA,, designate respectively the cross-section areas of the central core CSA,, of the
deposited intermediate trench CSA,, and of the buried trench CSAg; the values CSAt o and CSA+,, designate respec-
tively the cross-section areas of the tubes used to form the first and second rods; and the values CSA10 and CSA20
designate respectively the cross-section areas of the first and second rods of the preform.

[0078] It should be observed that the inside diameter of the buried trench of a preform of the invention is D10, i.e. the
outside diameter of the deposition tube of the first rod, whereas the inside diameter of the buried trench of a preform of
the comparative examples is 2R,, i.e. the outside diameter of the intermediate trench. Thus, for the preforms corre-
sponding to the examples of the invention, CSA; is calculated using the following formula: CSA; = &t x ((2R3)2 - D102)
/4 (or CSA; =t x (R32 - %4 x D102)) whereas the CSA; of the comparative examples is obtained from the following
formula: CSA; = 1t x ((2R3)2 - (2R,)2)/4 (or CSA; = 1t x (R32 - R,2)).

Table IV
First rod 10 Second rod 20
CSA, CSA, | CSA; | CSATy | CSA10 | CSA; | CSAr,, | CSA20

Unit mm?2 mm? mm? mm?2 mm?2 mm?2 mm?2 mm?2
Compex 1A | 28 94 139 2 172 189 6 5297 - - -
Compex1B | 6793 3265 | 4038 | 4452 1243 4 -- - -

Ex 1-1 67 93 1459 | - 180 6 3944 4038 | 2886 6924
Ex 1-2 67 93 2817 | - 44 8 394 4 4038 | 2886 6924
Compex2A | 4572 2199 | 2859 | 2852 836 7 - - -
Compex2B | 10733 | 5164 | 6716 | 669 19643 | -- - -

Ex 2 10733 | 2305 | - 2854 623 2 672 4213 1093 3
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(continued)
First rod 10 Second rod 20
CSA, CSA, | CSA; | CSA74, | CSA10 | CSA; | CSAr,, | CSA20
Comp ex3A | 2376 1086 | 2085 | 1889 529 8 - - -
Compex 3B | 76 82 3507 | 6735 | 6105 17115 | - - -

Ex. 3-1 76.82 350.7 | - - 427.5 673.5 | 287.8 961.3
Ex 3-2 76 82 1639 | - 186 8 427 5 6735 | 2878 961 3
Ex 3-3 76 82 - - 3507 427 5 6735 | 2878 961 3

[0079] As mentioned above, the comparative examples 1B, 2B, and 3B are fictitious examples of preforms that it ought
to be possible to fabricate on benches having very large capacities. In particular, example 1B is a preform that would
require a deposition bench having a depositable CSA of 800 mm?2 (CSA+CSA,+CSA; =798.23 mm2). Likewise, example
2B is a preform that would require a deposition bench having a depositable CSA of the order of 1300 mmZ2, and example
3B is a preform that would require a deposition bench having a depositable CSA of the order of 1100 mm2.

[0080] It can clearly be seen in Table IV that although the preforms of the invention are of large capacity, they are
capable of being fabricated on deposition benches having depositable CSAs that are much smaller than for the com-
parative examples 1B, 2B, and 3B. In particular, example 1-1 requires a deposition bench having a depositable CSA of
the order of 220 mm?2 (CSA+CSA, = 213.83 mm?2) for the first rod and a deposition bench having a depositable CSA
of about 400 mm?2 (CSA; = 403.8 mm?2) for the second rod. Likewise, example 1-2 requires a deposition bench having
a depositable CSA of about 350 mm2 (CSA+CSA, = 349.63 mm?) for the first rod and a deposition bench having a
depositable CSA of about 400 mm? (CSA; = 403.8 mm?) for the second rod. Thus, in comparison with example 1B,
examples 1-1 and 1-2 enable fat preforms to be made having a total diameter D.Total of about 150 mm while using
deposition benches of small and medium capacity.

[0081] Similarly, example 2 requires a deposition bench having a depositable CSA of the order of 340 mm?2 (CSA+CSA,
= 337.83 mm?2) for the first rod and a deposition bench having a depositable CSA of the order of 670 mm2 (CSA; = 672
mm?2) for the second rod. Thus, in comparison with example 2B, example 2 makes it possible to make a very fat preform
having a total diameter D.Total of about 190 mm, while using deposition benches of medium capacity.

[0082] Likewise, example 3-1 requires a deposition bench having a depositable CSA of the order of 430 mm?2 for the
first rod and a deposition bench having a depositable CSA of the order of 670 mm?2 for the second rod; example 3-2
requires a deposition bench having a depositable CSA of about 240 mm?2 for the first rod and a deposition bench having
a depositable CSA of about 670 mm?2 for the second rod; and example 3-3 requires a deposition bench having a
depositable CSA of about 80 mm? for the first rod and a deposition bench having a depositable CSA of about 670 mm?2
for the second rod. Thus, in comparison with example 3B, examples 3-1, 3-2, and 3-3 make it possible to make fat
preforms having a total diameter D.Total of about 158 mm, while using deposition benches of small and medium capacity.
[0083] In Table V, the value CSA.Deposits designates the cross-section area of the zones obtained by deposition,
i.e. the values CSA,, CSA,, and CSA; added together. The value CSA.Tube designates the cross-section area of the
zones occupied by the tubes used for making the preform, i.e. the values CSAt,, and CSAt,y added together. The
value CSA. Overcladding designates the cross-section area of the zone obtained by overcladding out the second rod
in order to obtain the final preform ready for drawing. The value CSA. Total designates the cross-section area of the
built-out preform. Table V also gives the ratios of these values for each example compared with the comparative examples.

Table V
CSA Over-cladding CSA Deposits/ CSA.
CSA Deposits | CSA Tube CSA. Total | Total
Unit mm2 mm2 mm2 mm2 -
Comp ex 1A 3401 189.6 7090 7620 4 46%
Comp ex 1B 798 2 445.2 16641 17884 4 46%
Ex. 1-1 617 6 469.2 16797 17884 345%
Ratio ex.1-1/comp
ex 1A 182 247 237 235 077
Ex. 1-2 7534 3334 16797 17884 421%
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(continued)

CSA Over-cladding CSA Deposits/ CSA.

CSA Deposits | CSA Tube CSA. Total | Total
Ratio ex.1-2lcomp
ex 1A 222 1.76 237 235 094
Comp ex 2A 5515 285.2 11201 12038 4 58%
Comp ex 2B 12953 669 26299 28263 458%
Ex. 2 1009 8 706.7 26547 28264 357%
Ratio ex. 2/comp ex
2A 183 2.48 237 235 078
Comp ex 3A 3409 350.7 5377 6069 562%
Comp ex 3B 1101 610.5 17895 19607 562%
Ex. 3-1 1101 287.8 18218 19607 562%
Ratio ex. 3-1/comp
ex 3A 323 0.82 339 323 100
Ex. 3-2 914 2 474.6 18218 19607 4 66%
Ratio ex. 3-2lcomp
ex 3A 268 1.35 339 323 083
Ex. 3-3 750.3 638.5 18218 19607 3.83%
Ratioex 3-3/comp ex
3A 220 1.82 339 323 068

[0084]

The method of the invention makes it possible to achieve preforms having buried trenches of very large sizes.

In particular, the CSA of the buried trench CSA; lies in the range 300 mm?Z to 700 mm?Z. In addition, the method of the
invention makes it possible to fabricate large-capacity preforms while using deposition benches of small and/or medium
capacity. In particular, the CSAs of the zones deposited in each of the rods (CSA,+CSA; in the first rod 10, and CSA;
in the second rod 20) is less than 700 mmZ2, even though the final preform is of large size with a diameter greater than
or equal to 140 mm.

[0085] The productivity of optical fiber fabrication drawn from a preform fabricated by the method of the invention is
thus improved. In example 1-1, productivity is increased by 29% relative to comparative example 1A. The preform of
example 1-1 requires 1.82 times as much deposition as the preform of prior art comparative example 1A, but presents
capacity that is 2.35 times greater. For given deposition quantity, it is therefore possible to draw 29% more fiber with a
preform of example 1-1 compared with prior art preforms 1A and 1B. Using the same reasoning, in example 1-2, the
increase in productivity is 6% compared with examples 1A and 1B; with example 2, the increase in productivity is 28%
relative to examples 2A and 2B.

[0086] In example 3-1, in which the first tube of the first rod is removed completely by chemical etching, there is no
increase in productivity since the proportion of deposit is the same as in the comparative example. Nevertheless, it is
possible to fabricate the preform much more quickly because the first and second rods are fabricated separately. With
examples 3-2 and 3-3, the productivity increases are respectively 20% and 47% compared with examples 3A and 3B.
[0087] The method of the invention thus makes it possible to make a preform of very large capacity without requiring
significant modification to equipment. In addition, the first and second rods may be fabricated in parallel, thereby increasing
the fabrication yield of the preform.

[0088] The preform as obtained in this way enables a greater length of fiber to be drawn that is particularly well adapted
to use in optical fiber systems installed with customers, of the FTTH or FTTC type, in which the optical fiber is subjected
to severe bending constraints because of the miniaturization of the optical units or because of fastening by stapling.
[0089] In particular, the optical fiber drawn from a preform of the invention satisfies the criteria of Recombination G.
652 in terms of chromatic dispersion, mode diameter, and cut-off wavelength. The optical fiber drawn from a preform of
the invention also satisfies the criteria of Recommendation G.657 in terms of bending losses.

[0090] The invention also makes it possible to fabricate tubes of large capacity and of very good quality. Specifically,
the invention makes it possible to fabricate a glassmaker’s tube that comprises, from the periphery towards the center,
outer cladding and a buried trench in which the buried trench presents a large refractive index difference relative to the
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outer cladding, lying in the range -4x10-3 to -10x10-3, and a large volume lying in the range -2550x10-3 mm?2 to -760x10-3
mm2. The refractive index and the volume of the trench can be very well controlled using the method of the invention.
In particular, the refractive index difference of the buried trench relative to the outer cladding presents longitudinal
variation over the entire length of the tube that is less than 10%, and the volume of the buried trench presents longitudinal
variation of less than 15% over the entire length of the tube.

[0091] Such a tube may be used as a starting tube for fabricating a primary preform by chemical vapor deposition
(CVD). Once the deposition has been performed inside such a tube, the primary preform is built out or a sleeve is fitted
thereto in order to produce a final preform, and an optical fiber may be drawn from the final preform.

Claims

1. A method of fabricating an optical fiber preform that comprises, from the center towards the periphery, a central
core, an intermediate cladding, a buried trench, and an outer cladding, the method comprising the steps of:

- preparing a first rod constituting at least the central core, the first rod being prepared by chemical vapor
deposition (CVD), preferably in a first tube;

- preparing a hollow second rod constituting at least the buried trench, the second rod being prepared by chemical
vapor deposition (CVD), preferably plasma-assisted chemical vapor deposition (PCVD), in a second tube; and
- fitting the second rod as a sleeve on the first rod.

2. The method according to claim 1, further including:

i) a step consisting in stretching the first rod before fitting the second rod as a sleeve; and/or

ii) a step consisting in chemically etching at least a portion of the first tube before fitting the second rod as a
sleeve; and/or

i) a step of overcladding the outside of the second rod or fitting a sleeve thereto in order to reach a final preform
diameter greater than or equal to 140 mm.

3. The method of claim 2, wherein the cross-section area of the zones deposited in each of the rods is less than 700 mm2.
4. The method of any preceding claim, wherein the buried trench:

i) is deposited with dopants at a concentration controlled so that the buried trench presents a refractive index
difference relative to the outer cladding lying in the range -4x10-3 to -10x10-3; and/or

ii) has the concentration of dopants controlled in such a manner that the buried trench presents longitudinal
variation of index of less than 10% over the entire length of the second rod, ; and/or

iii) is deposited until the buried trench presents a cross-section area lying in the range 300 mm?2 to 700 mm?2,
preferably the cross-section area of the buried trench presents longitudinal variation of less than 10% over the
entire length of the second rod; and/or

iv) is deposited with dopant concentration control until the buried trench presents a volume lying in the range
-2550x10-3 mm?2 to -760x10-3 mm2, preferably the volume of the buried trench presents longitudinal variation
of less than 15% over the entire length of the second rod.

5. An optical fiber preform that comprises, from the center towards the periphery, a central core, an intermediate
cladding, a buried trench, and an outer cladding, wherein the buried trench presents:

- arefractive index difference relative to the outer cladding lying in the range -4x10-3 to -10x10-3 with longitudinal
variation of less than 10% over the entire length of the preform; and

- a volume lying in the range -2550x10-3 mm?2 to -760x10-3 mm?2 with longitudinal variation of less than 15%
over the entire length of the preform;

said preform optionally presenting a diameter greater than or equal to 140 mm.
6. The preform of claim 5, wherein the buried trench presents a cross-section area lying in the range 300 mm2 to 700

mm?2, preferably the cross-section area of the buried trench presents longitudinal variation of less than 10% over
the entire length of the preform.

13



10

15

20

25

30

35

40

45

50

55

10.

1.

12

13.

14.

EP 2 418 181 A1
The preform of any one of claims 5-6, wherein the core presents a refractive index difference:

i) relative to the outer cladding lying in the range 4x10-3 to 6x10-3 and/or
ii) relative to the intermediate cladding lying in the range 4x10-3 to 6x10-3.

A glassmaker’s tube that comprises, from the periphery towards the center, an outer cladding and a buried trench,
wherein the buried trench presents:

- arefractive index difference relative to the outer cladding lying in the range -4x10-3 to -10x10-3 with longitudinal
variation of less than 10% over the entire length of the preform;
- a volume lying in the range -2550£10-3 mm? to -760£10-3 mm2 with longitudinal variation of less than 15%
over the entire length of the preform; and
wherein the tube presents an inside diameter lying in the range 16 mm to 35 mm.
The tube of claim 8, wherein the buried trench presents a cross-section area lying in the range 300 mm2 to 700
mm?2, preferably the cross-section area of the buried trench presents longitudinal variation of less than 10% over
the entire length of the tube.

A method of fabricating an optical fiber, comprising the steps consisting in:

- fabricating a preform in accordance with the method of any one of claims 1 to 7; and
- drawing an optical fiber from said preform in a fiber-drawing tower.

A method of fabricating an optical fiber comprising the steps of:
- fabricating a primary preform by chemical vapor deposition (CVD) in a tube according to any one of claims 8-9;
- overcladding or putting a sleeve on said primary preform in order to reach a final preform; and
- drawling an optical fiber from said optical fiber preform in a fiber-drawing tower.

An optical fiber obtained by drawing from the preform according to any one of claims 5-7.

An optical unit receiving at least a portion of fiber according to claim 12 or at least a portion of fiber fabricated by
the method of claim 10-11.

An optical fiber system to the customer comprising at least a portion of fiber according to claim 12 or at least a
portion of fiber fabricated by the method of claim 10-11.
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